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SOME LIFT AND DRAG MEASUREIMENTS OF L REPRESENTATIVE
BOMBER.NAOBLLE OF A LOW_DRAG WING . II .

By Macon O, Ellise, Jr.

SUMMARY

H
A

Tests of a eecond ropregentative dbomber nacelle on a
low-dreg wing at a large va.ue of the Reynolds number were
made iu the FACA two-dimenslonal low-turbulence preessure
tunrel, EResultes shov the d~ag and intsrference of the
nacells on the low-draz wing to Pe small.

IRTRODTCT L ON

Tests in the HACA two-dimenslonal low-turdbulence
presgsures tunnel of a representative bomber nacelle on a
moderately thivk low-drag wing rave been reported in ref-
erence 1, The tests of thlis firest nacellc show the urag
and interforence to be small,

The %ests reported herein ars of another nacelle
mounted on the same wing as reported in referance 1l and
ropresent a continuation of the program of tesis of sever-
al typlcal manufgcturers'! necelles mounted on low-drag
wings. This program does not contemplate comdlete tests.
of the various nacells combinations. It 1s hoped that the
results wlll be of sufflclent value, however, to warrant
more thorough inveatigationa of propesed military appllca- .
tions.-

APPARATUS
The teets wore conduoted in the KACA two-dimensional
low-=turbulence pressure tunnel, whkich has an alr stream

of very low turbulence and which permite the attalinment of
large values of the Reynolde number.

¥Wing.~- The model nacelle was mounted on an NACA
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66,2-216, a = 0,6, alirfoll section having a chord of 15
inches and a span of 3 feet (tunnel test-section width).
The wing -was set at an ang%e of incidence to the thrust

line of the nacelle of 1/2 .

¥agcelle.~ The model tested was a scale model of the
Vega Ventura twin-engine bomber nacelle and wae bduilt dy
the Vega Alrplane Company. The nacelle as received was
filled, faired, and painted; i1t was flnlshed for the tests
by sanding with No. 400 carborundum paper. This finish
gave .a surface that was intended to Pe aerodynamlcally
smooth, that 1e, further smoothing would result 1ln no de-
crease 1n drag. Three conditions of the nacelle model
mounted on the test wing are shown in filgure 1. It can be
gpeen in figure 2 that the nacelle has a short afterbody
which terminates at the tralling edge of the wing,
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Interngl-alr flow.- Carburetor alr taken in through
the scoop at the top» of the cowl was exhausted through
the stack, which can be seen in figures 1(a) and 2(a).
Oll-cooler alr was taken ir through the scoop at tho bot-
tom of the cowl and exhausted through two slde exits on
the bottom portion of the aftertody (fig. 2(a)). TFor the
model 1n its original condition, englne cooling ailr was )
exhausted through an annular exlt lnterrupted only by tha
carburotor-scoop falring and the oll-coolor duct entrance.
Both.of the other conditions of the model left this annu-
lar englne-cooling-air exit droken only by tho oll-coocler
duct entrance (fig. 1(b)) or by the afterdbody friring at
the same point (fig. 2(1v)).

The entrance and exit sreas of the model were fixed
and the engine pressure drop was simulated by means -of a
perforatod plate. Thils plate was deslgned for a pressure
drop through the engine of Ap = 12 inches of wator for
full~throttle operation at 350 miles per hour at an alti-
tude of 25,000 feet. Thoe pressuvro-drop ratio froh theso
assumod values 1s then Ap/q, = 0.45 whore g, 1s the

froe-stroam dynamlc prossuro. . The preesurc-drop ratlo
essumed for tho oll cooler was Ap/qo = 0.34. Intornal-

flow measuromonts and corresponding drag increments for
tho tests are givon in table I with the use of the follow-
ing symbola: '

A model oxit aroa, square inchos-

ve/Vo ratlio of exit veloclty tb freo-stream voloclty
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AHe/ag ratio of total-pressure loss at exit to free-stream
_ dym.m:lc pressure

£ . -~

ACDF coefflicient of drag due to intemmal loss

p> CDE coefficient of total drag and interference
Cpg coefficlent of externsl .drag and interference
(0ng - ony)

Values of the drag co'e:‘:‘ficient CD.E' are based on the model frontal
a;l.rea.,-ah.gt_) square lacheo. '

TEST METHODS®

Drag measurements were obtained from wake surveys at a serles

-of spanwise statlions. Points were taken far enough ocutside the nacelle

disturbance to esteblish the section drag of the wing. The integiral,
against spenwise location, of the curve of section profile-drag
coefficient (fig. 3) in excess of the section drag of the wing Cay,

was then teken as the totel drag and interference of the nacelle.
Internal-~drag measurements were made by making total-head and statlc-~
pressure measurements in the exits. The method for celculating the
drag duwe to internal losses is given in reference 2. The external drag
und interference is then the total drag and interference minus the drag
due to intermal losses.

All 1ift and drag section coefficlents are based on the wing chord
of 15 inches. All tests reported herein were run at a wing Reynolds

number Ry of 6.5 million. Angles of attack shown are those of

the wing ay.
RESULTS AND DISCUSSION

Values of CDF for the nacelle in three test comndlitions are glven
in figure ! and corresponding drag increments ACp, due to internal

logses are given in teble  I. The value of the external-drag coefficlent -
for the nacelle in its original condition is Cpy = 0.084. The removel of

1At the time this report was originelly published, some of the
correctlons required for reducing the test data to free-alr condlitions
had not been determined. The values of section lift coefficlent c:L

(fig. 5) should be corrected by the following equation

cl(comcted) = 09650, + 0.006
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the carburetor scoop and exhaust stack reduced this Valﬁe
to GDF = 0,066, &a reduction of about 21 percent. Fur-

ther reduction 1n drag resulted from removing the oll-
cooler scoop and fairing in this portlon of the afterbody
(fig. 2(v)). The value Opp = 0.067 for the nacelle in

this smooth condition 1s a total reduction of 32 percent
from the orlginal condition, This value of the external-
drag coeffliclient for the nacelle in the smooth condition
can be socn to be higher than that for tho nacelle report-
od in reference 1. However, these values do not represont
true drag dlfferoncee bescause values for the nacelle toset-
ed hereln are based on u smaller frontal area.

The gdverse pressure gradlient over a nacelle after~
body 1s superimposed on the adverse gradlent of the wing
i1f the nscelle 1g terminated at or near the tralling edge
of the wing. Trke reculting pressure gradient will be more
sovere thern for elither wing or nacelle alone. The fact
that the nacelle reported Lerein has an afterbody terminat-
ing at the trallling edge of the wing may meke theso pres-—
sure gradients stesper tuan t3e optimum,.

In regard to the large drag increments of the scoops,
clean~up investigatlone made at the Laboratory have shown
that excesselve dreg ir.-roments commonly result from tkhe
addition of protrudi-g scoops., In other words, the re-
sultg of thie investigation tend further to confirm tkLe
conclusion tkhat external scoops and arpendages as meaneg of
providing alr 1nlets and dlecharges should be avolded.

Figure 5 shows a 1lift comparison of the wing alone and
tho wing with the nacelle in the original condition and in
tho emooth condition., It can bPe seen from this comparlson
that the slopes of tkhe 112t curves are oessentlally the samne
but that the addition of the naccllo has regulted in a
small losa in 1lift at a zgivon angle of attack., ©Such a loss
of 11ft, 1f large and localigod near the nacelle, could
lead to 11ft disturbdrnces wklch would rosult in an lnereaseo
in induced drag. Incidcnvslly, a comparisor of the 11ft%
curvo of the wing alone witr the corresponding curve glven
in roference 1 shows that the curve given Lerosiln Has been
reduccd by en incremcat of ey = 0.04. This reduction 1is
due to checks on the 1lift measurements made throughout
theso tests, which remocved a large vart of the error mer-
tioned 1n r eferonca 1.
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Preasure-dihtribution measuroncnts over the top of

the cowl in the smooth condition for a range of angles of

attack aro presented "iii ‘figuro-6: in terms of tke prossure
cooeffliclent & defined as

B = H-p
4
where
H free—stream total pressurse
P local ataticlpressu:e

0 freo=asbtrean diﬂamic preossure

From the magnlitude of the peak prossure at tho deslgn an-
gle of attack, the oritiual Mack number of the cowl scems
reasonably kigh,

It may bs concluded that, after the appendagés are
removed, a reasonably low drag arnd interference 1s ob-
talned for both this nacelle and the nacalle on tho samo
low-drag wing, reportcd in roference 1.

Langloy Memorial Aeronautical Laboratory,
Notlional Advisory Comnmittoe for Aoronautlces,
Lengley Field, Va.
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INTERNAL-FLOW MEASUREMENTS AND DRAG L{CEEMENTS

(o]
A |
[ % =3

|

Model
condition

Ve/vo

b ¢y

(h)

(a)

(b)

(c)

(a)

(a)

(b)

(c)

+Cpp

Criginal

Carburetor
scoop and
exhaust
stack
removed

Smooth

0.16

.16

0.66

.70

0.63

.63

0.66

0.51

5l

»51

0.020

.027

027

0.003

»003

0.012

0.119

.08l

0.08h

+066

.057

8Fngine-cooling-alr exit.
b01l-cooler-air exit.

CExhaust-stack—air exit.




NACA - Fig. 1
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(A) MODEL WITH CARBURETOR SCOOP, OIL=COOLER SCOOP,
AND EXHAUST STACKe (ORIGINAL CONDITION)

(8) MODEL WITH CARBURETOR SCOOP AND EXHAUST STACK

REMOVED,

(c) MODEL WITH CARBURETOR SCOOP, OIL=COOLER SCOOP,
AND EXHAUST STACK REMOVEDe (SMOOTH CONDITION)

FIGURE o= FRONT VIEW OF NACELLE MODEL ON LOW=DRAG

WING SHOWING TEST CONFIGURATIONS,



NACA Fig. 2

(A) MNODEL WITH CARBURETOR SCOOP, OIL=~COOLER SCOOP,
AND EXHAUST STACKo,

(B) MODEL WITH CARBURETOR SCOOF, OIL=GCOULER SCOOP,
AND EXHAUST STACK REMOVED,

FI1I6URE 2.- THREE=-QUARTER VIEW OF UNDER SIDE oF NACELLE
MODEL ON LOW=DRAG WING.




NACA Fig. 3
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Figure 3.- Typical spanwise drag plot. Nacelle in gmooth
condition; Ry, 6.5 x 107,




WACA Fig. 4
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Tigure 4.- Nacelle external-drag coefficients.,
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Figure 5.- Lift comparison of wing with and without nacelle. Ry, 6.5 x 10°.
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Flgure b.- Pressure distribution over top of cowl, Ry, 6.5 x 106, (Angles of attack are

those of wing which has 1/2° inoidence to nacelle thrust line.)




